Abstract:The satellite laser ranging (SLR) data quality from the COMPASS was analyzed, and the difference between curve recognition in computer vision and pre-process of SLR data finally proposed a new algorithm for SLR was discussed data based on curve recognition from points cloud is proposed. The results obtained by the new algorithm are 85% ( or even higher) consistent with that of the screen displaying method , furthermore , the new method can process SLR data automatically, which makes it possible to be used in the development of the COMPASS navigation system.
Introduction
Satellite laser ranging ( SLR) has become an effective tool for orbit measurement and orbit assessment for its high precision. Currently, in the COMPASS system, the SLR for GEO satellite , which is 40000 km far from the Earth center, has achieved a precision of 3 em.
SLR has become an indispensable component of the COMPASS navigation system.
In SLR process , the thermal noise of receivers and background noise from the sky often mistakenly trigger the process device, as a result, a great deal of abnormal values are observed which should be eliminated in order to obtain high-quality SLR data. The practical preceding process includes pre-process, noise separation , abnormal value elimination, documentation of remaining effective data for validation and calibration of the navigation system. In common data process, outliers only account for 5%-10% of observations; when there is a lot of abnormal values , conventional outlier elimination method does not work well for laser data. We attempts to introduce the curve reconstruction method which is widely used in the reverse engineering and computer vision, and to propose a data pre-process algorithm of SLR based on curve recognition from points cloud. The SLR data is regarded as point cloud data, and the domain that containing SLR data is gridded. By iteratively adjustment, the valid domain of laser point cloud can be determined, and then curve fittings are made by the total points within the valid domain, while the data with bigger fitting residual than the threshold value is eliminated. This algorithm uses computer vision instead of the man-machine dialogue in screen process method. The new method has a lot of advantages such as high degree of automation, fast calculation , and immune from manual error. We carry out an experimental verification using the SLR data from the COMPASS system.
Quality assessment of laser observations
Data generated in the process of satellite laser ranging contains a wealth of information, laser echo time ti, satellite distance Rani, satellite speed Ratei, elevation angle H, and azimuth A,. The relationship between distance observation 0 and the calculated value C is ( 0 - 
Numerical experiment and analysis
In order to verify the validity of the proposed method , the SLR data from the COMPASS was used to carry out a series of tests. Two methods are used in laser data pre-process. One is screen displaying method; the other is curve recognition from point cloud.
In the calculation, the grid size is 0. 0003 day In order to further check the data quality after laser data pre-process, the satellite orbit is assessed using the pre-processed laser data obtained by the two pre- To analyze the effect of pre-set threshold value on the laser data pre-process algorithm based on curve recognition, Data 2 is taken as an example to demonstrate the impact of grid size, order of polynomial fitting and the Root Mean Square ( RMS) of curve fitting on the algorithm. Results show that properly adjustment of grid size and fitting polynomial order have no effect on computations , while the impact of the fitting RMS on the algorithm is shown in figure 7 .
There is multi-echo in Data 2 , and the echo interval is very small. This is a common case in the SLR observation , and in screen processing algorithm extra echoes will be manually removed , otherwise , in the proposed algorithm , the threshold value of residual fitting has a quite big effect on the method: too strict threshold value will cause a lot of useful observations to be elimina-
ted , while too loose threshold value will cause the multi-echo of SLR to be contained in data process. As shown in figure 7 , when the threshold is set at a proper value, multi-echo will be removed, and the points to be processed decrease suddenly, which lead to a correct computation. Due to the fact, 2u is selected as the threshold value for residual fitting to ensure that all the redundant echoes will be removed. .. 
